Animal Production, 155 articles had animal breeding content, of which 54% were research reports, 17% extension communications, and 28% syntheses or reviews. Several of the latter featured advice from the livestock industry to the scientific community. Thirty-one percent of articles concerned swine, whereas beef cattle, dairy cattle, and sheep each accounted for an additional 20%. In the 67 yr of JAS publication, 3,045 research papers were identified with animal breeding content, nearly half of them published since 1990. Growth in publication output was modest during the 1950s, robust in the 1960s through 1980s, moderate in the 1990s, and static in the 2000s. Important topics included genetic resource evaluation (a subject in 55% of all manuscripts), genetic parameter estimation, selection programs, and nonrandom mating systems. Maternal effects and genotype × environment interactions were featured in 17 and 15% of all manuscripts, respectively, whereas 6% dealt with a simply inherited trait. Only 4% of manuscripts included economic analysis of a breeding program or intervention. Interest in molecular biology and biometry has surged in the 1990s and 2000s. Approximately 50% of all papers involved cattle, a fifth of which concerned dairy cattle or beef × dairy crossbreds. A quarter of papers concerned swine, 15% concerned sheep, and 3% considered laboratory rodents, with the proportional contribution of sheep research decreasing across time. Authors from the Midwestern and Southern sections of the American Society of Animal Science had greater proportional contributions than Western and Northeastern section authors, and contributions of university and state experiment station authors outnumbered those of USDA-ARS authors. The proportional contribution of international authors increased across time, reaching 45% for the 2000s, as that of university and experiment station authors decreased and that of USDA-ARS authors remained fairly constant. Subjective analysis suggested substantial levels of creativity, innovation, and cooperation in JAS animal breeding research, a strong international perspective, but also a marked degree of imitation and repetition in subject matter content.
INTRODUCTION
In this paper, I attempt to survey, categorize, and characterize research reports relevant to animal breeding and genetics that were published in the Journal of Animal Science (JAS) and in its predecessor, Proceedings of the American Society of Animal Production (ASAP), from 1910 through 2008. Data were summarized across time to address the following questions. How much work was reported? What was it about?
What animals were investigated? Who conducted the research? Where was it done? Each volume of ASAP proceedings (1908 to 1940 was surveyed to identify articles with animal breeding content and to categorize them by author, institution of author, emphasis (research report, synthesis/review, extension), subject matter, and livestock species. Results are summarized by descriptive statistics and narrative description. Every issue of JAS was then examined chronologically to identify research articles with animal breeding content. Tentative judgments were based on title and abstract, to be confirmed as needed by examination of the paper itself. Review articles and invited symposia contributions were not tabulated. Data recorded from each chosen paper included: 1) publication year, 2) affiliation of senior author (university-state agricultural experiment station, USDA-ARS, or other), 3) geographical location of the institution of the senior author [Northeastern (NE), Midwestern (MW), Southern (S), or Western (W) section of the American Society of Animal Science (ASAS) or international], 4) the animal species upon which research was conducted (beef cattle, dairy cattle, swine, sheep, poultry, laboratory rodent, other species, or no species involved), and 5) subject matter (as many of the topics in Table 1 as were deemed appropriate). Data were accrued by decade for analysis and discussion. A disclaimer is in order. Categorizing papers in the above manner was somewhat subjective. Bookkeeping was tedious and prone to recording error. Insights acquired later in the survey would have been helpful when earlier content was surveyed. No one else conducting this historical review would have reached identical results and conclusions.
METHODS

TO 1940: THE EARLY YEARS
As described by Plumb (1933) and Oltjen (1983) , the American Society of Animal Nutrition, initiated in 1908, morphed into ASAP in 1913, which became ASAS in 1940. During its existence, ASAP published annual proceedings, sometimes combining 2 or 3 yr into a single volume. Content included society business and committee reports, invited and symposium presentations, contributed research publications, and extension reports. Topical sections for species and disciplines first appeared in 1927.
In the 22 volumes of ASAP proceedings, I identified 155 articles related primarily to animal breeding or having significant animal breeding implications. Of 123 articles devoted primarily to a single species, approximately 30% concerned swine, whereas beef cattle, dairy cattle, and sheep each accounted for an additional 20%. Three articles concerned horse breeding, 5 concerned chickens, 3 concerned guinea pigs, and 1 concerned rabbits. The remaining 31 articles were applicable across species, with approximately equal attention to nonrandom mating systems, performance testing, disease resistance, and physiological or nutritional aspects of breeding. Four review articles described animal breeding research programs in Europe. In several invited presentations, livestock breeders, meat packers, and dairy industry personnel presented concerns and advice to animal scientists and educators.
Seventeen percent of articles had primarily an extension function, 54% were primarily research communication, and 28% provided synthesis or review. Two papers were devoted to undergraduate animal breeding education. United States Department of Agriculture scientists were senior authors of 18% of the articles, whereas university-experiment station scientists from In the first 8 ASAP proceedings, the number of animal breeding articles per volume ranged from 1 to 5. Thereafter, it ranged from 6 to 15, with an increasing trend. These numbers do not reflect total animal breeding research and extension output during this time, because many results and much educational advice were distributed through state experiment station and cooperative extension service publications, and original research was published in journals such as Genetics, Journal of Heredity, and Proceedings of the National Academy of Sciences.
As described by Oltjen (1983) , ASAP members gradually reached a consensus that a national society was needed to promote the interests of animal science, animal scientists, and animal agriculture. Furthermore, a comprehensive, peer-reviewed scientific journal was needed to document and communicate knowledge in the animal sciences. Thus, ASAS and JAS were born, whose co-evolution with animal breeding research we now examine.
HISTORICAL OVERVIEW OF JAS
The first edition of JAS was published in 1942 (ASAS, 2008) . R. W. Phillips was editor-in-chief (although that title was not used until 1967), and he retained that position until 1949. Four issues were published per year through 1967, 6 issues per year in 1968 and 1969, and 12 issues per year thereafter. In 1961, journal format was changed from 15.2 × 22.9 cm, 1-column pages to 17.8 × 25.4 cm, 2-column pages, allowing a substantial increase in information content per issue and page. The journal has had an 21.6 × 27.9 cm, 2-column format since 1992.
Thanks to D. M. Hallford, a searchable electronic database for JAS became available in 1990. Access is now available to all JAS volumes and supplements and to ASAP proceedings as well. Supplemental volumes for symposium proceedings have been published since 1991. Electronic manuscript submission and review were instituted in 1999.
The Animal Breeding and Genetics section of the journal has undergone several name changes over the years, from "Animal Breeding" to "Breeding and Genetics" to "Animal Genetics," which was divided in 2004 into Molecular Genetics and Quantitative Genetics subsections, each with its own associate editor. Although editorial policies, requirements, and procedures have evolved across time, section editors, reviewers, and authors have retained their essential responsibilities and functions.
ANIMAL BREEDING RESEARCH IN JAS How Much?
From 1942 through 2008, I identified 3,045 JAS research articles as having significant animal breeding content, an average of 45 per annum. Figure 1 shows the total number of papers per "decade." (Note that only 8 volumes were published during the 1940s and only 8 and a fraction thus far in the 2000s.) Only 73 papers with animal breeding research content were published during the 1940s, due largely to the effects of World War II on USDA and university scientific personnel, research projects, and graduate programs (ASAS, 2008) . Growth in publication output was modest during the 1950s, robust in the 1960s through 1980s (dependent, partially, on journal format changes described above), modest in the 1990s, and near zero in the 2000s. Nearly 50% of all JAS research articles in animal breeding were published since 1990.
What About?
Fifty-five percent of all papers included characterization of or comparison among "genetic resources" (Figure 2) , which I considered to be genetically distinct groups such as species, subspecies (e.g., Bos taurus vs. Bos indicus), breeds, crossbred genotypes, selection lines, inbred lines, or inbred-line crosses. This was the most commonly researched subject matter category during much of JAS history, particularly during the heyday of exotic breed and crossbred evaluation in the 1960s through the 1990s. In recent decades, effort has increased in this category in genetic resource conservation, often using tools of molecular genetics to characterize and classify populations.
The percentage, across time, of articles concerning genetic × environmental interaction also is shown in Figure 2 . Interest in this topic peaked in the 1970s and remained high through the 1990s. Fifteen percent of all papers had genotype × environment content. Popular themes included the interaction of breeds or crossbred groups with their environment, the stability across regions of estimated breeding values from national sire evaluation, the influence of environmental stress on heterosis and inbreeding depression, the effect of environmental conditions on response to selection, and genetic variation in sensitivity to an environmental challenge.
Across decades, only 3 to 11% of manuscripts concerned a simply inherited trait (Figure 2) , evidence of the extent to which animal breeding research has been predominantly quantitative. Mutant conditions attracting substantial research effort were dwarfism in beef cattle, stress susceptibility in swine, prolificacy in swine, and muscular hypertrophy in cattle and sheep. Themes included methods to detect carrier status for recessive alleles, physiological and pleiotropic effects of mutant alleles, determination of complex modes of in-heritance, and mating plans to utilize alleles having both beneficial and detrimental effects.
As would be expected, within-breed selection for quantitative traits was an active research topic throughout the history of JAS. I examined publication effort devoted to 4 aspects of selection, estimation of heritabilities and genetic correlations, performance testing, and applied selection programs. As shown in Figure  3 , the percentage of studies reporting heritability estimates increased from the 1940s through the 1960s, decreased during the 1970s and 1980s, and then gradually rebounded through the present. Until the 1970s, studies reporting genetic correlations were much less numerous than those reporting heritabilities. Thereafter, most studies reporting heritabilities reported genetic correlations as well, probably because multivariate programs were readily available for their simultaneous estimation. During the last 4 decades, from 25 to 40% of animal breeding manuscripts concerned one or both of these genetic parameters. Over time, they have been estimated with increasing biometric sophistication (path coefficients, least squares analysis of resemblance among relatives, mixed model equations, threshold models, multiple trait analyses, survival models, and Bayesian methodology for example) and greater computational efficiency.
Articles relevant to performance testing made up one-third of all animal breeding manuscripts during the first decade of JAS (Figure 4 ), but that proportion decreased continuously thereafter. In early decades, this category was dominated by on-farm and central test performance recording protocols, including procedures to adjust records for environmental sources of variation. In later decades, papers included in this category more commonly involved identification of new economically relevant traits (stayability, for example), indicator traits, and measurement technologies.
As the percentage contribution of papers on performance testing decreased, the percentage of papers with content directly applicable to selection programs increased (Figure 4) . In earlier decades, examples of such content included realized heritabilities and descriptions of direct and correlated response from selection experiments in swine, beef cattle, and mice. In later decades, increasing proportions of papers in this category dealt with breeding value estimation, national and international genetic evaluations, genetic trend, selection indices, utilization of advanced reproductive technologies to accelerate selection response, and methods to moderate the accumulation of inbreeding. Figure 5 traces percentages across time of JAS manuscripts that concerned inbreeding, outbreeding, and the application of nonrandom mating systems to animal improvement. During the 1940s through the 1960s, there was considerable research investment in developing and crossing inbred lines of cattle, sheep, and swine. Also, mating systems involving inbred lines were tested in laboratory rodents. Interest waned as the extent of inbreeding depression for direct and maternal effects and the costs of line development, evaluation, and crossing became known. In later decades, inbreeding papers have reported estimates of inbreeding depression as a by-product of experiments designed with other primary objectives. Importantly, however, articles have also been devoted to strategies to control inbreeding accumulation in breeding programs in which advanced reproductive technologies or sophisticated breeding value estimation procedures lead to co-selection of relatives.
Manuscripts classified in the outbreeding category ( Figure 5) included estimates of or reference to heterosis and quantitative differences among breeds or other defined genetic resources. The percentage contribution of manuscripts reporting such genetic statistics peaked in the 1960s through 1980s. Many experiments involved the comparative evaluation of domestic and imported breeds, particularly those of continental European origin, as illustrated by germ plasm evaluation studies at the Roman L. Hruska US Meat Animal Research Center. Bos taurus × Bos indicus breeds and crosses were evaluated at several experiment stations, and beef × dairy breed crossbreeding also was examined.
Percentage of papers concerning mating systems ( Figure 5 ), which I defined as the application of nonrandom mating systems to animal production, peaked in the 1960s but contributed to only 1 in 20 JAS animal breeding articles during the current decade. Topics included evaluation of crossbreeding systems in commercially relevant settings, bioeconomic simulation of mating and management systems, and the development and utilization of synthetic breeds.
Manuscripts describing the inheritance and importance of maternal effects first appeared in the 1950s, achieved their peak proportional representation in the 1980s, and declined moderately thereafter (Figure 6 ). Approximately 1 in 6 of all JAS animal breeding articles have included content relevant to this category. Studies quantifying additive direct and maternal genetic variances and covariances were common, as were studies documenting maternal heterosis and maternal genetic differences among breeds. Innovative experimental methods (embryo transfer and cross-fostering for example) were applied to partition maternal effects (prenatal vs. postnatal, for example), and a smattering of reports examined cytoplasmic and mitochondrial effects on quantitative traits.
The percentage of papers dealing with physiological traits and relationships increased moderately between the 1950s and the present (Figure 6 ). Sample themes include physiological manifestations of simply inherited defects, physiological indicators of animal performance, and physiological correlates of selection response. As was the case for maternal effects, approximately 1 in 6 of all JAS animal breeding articles involved some physiological trait or relationship.
As shown in Figure 7 , manuscripts utilizing mathematical modeling first appeared in the 1960s and increased to 12% representation in the 1990s and 2000s. Among other applications, Monte Carlo simulation was used to model selection and mating system effects, and bioeconomic simulation models were used to predict outcome of breeding and management interventions.
Since the 1960s, the percentage of JAS animal breeding manuscripts with specific reference to economics has fluctuated narrowly around 5% (Figure 7) . Topics included economic weights for selection indexes, derivation of aggregate genetic value, bioeconomic modeling of genetic interventions, and management of financial risk.
Molecular genetics is the new kid on the JAS subject matter block (Figure 7) . The first few articles appeared in the late 1980s, presaging 28 such manuscripts in the 1990s and 144 so far in the 2000s. Topics have included identification of QTL, associations between markers and traits, genetic resource characterization using molecular genetic data, quantification of variation in gene expression, and breeding value estimation combining performance and genotypic data. Between 1993 and 2002, one hundred fifty-seven articles concerning molecular genetics were published in JAS as Rapid Communications. These brief reports dealt primarily with mapping of molecular genetic markers and nucleotide sequence information, and I did not include them in the count of JAS publications with animal breeding content.
The first manuscript classified as molecular biometry appeared in 1992. Eight such papers were published in the 1990s and 28 so far in the 2000s (not documented graphically). Themes included biometric and computing strategies for accomplishing the goals of molecular genetic tasks as outlined above.
About Whom?
The percentages by decade of JAS articles concerning different animal species are shown in Figure 8 . Cattle, swine, and sheep reports accounted for approximately equal proportions of the 73 manuscripts that were published in the 1940s. Over the next 3 decades, the percentage of manuscripts devoted to cattle increased, the percentage devoted to sheep decreased, and, after an initial decline, the percentage devoted to swine remained relatively stable. Papers involving laboratory rodents first appeared in the 1950s, increased in percentage representation through the 1980s, and then declined.
The majority of articles categorized as "cattle" in Figure 8 involved beef cattle only, but a substantial percentage of the experiments also included dairy cattle or beef × dairy cattle crosses. A very small proportion of cattle studies involved only a dairy breed or breeds.
The percentage of papers not involving cattle, swine, sheep, or laboratory rodents increased during each decade of JAS publication. Other species (total number of papers in parentheses) included rabbit (30), horse (21), goat (18), chicken (16), dog (9), fish (8), water buffalo (2), and 1 manuscript each for yak, bison, alpaca, mink, Drosophila, and Tribolium. Most of the manuscripts not associated with an animal species dealt with quantitative genetic theory, biometrical methods, or computing strategies.
By Whom?
Percentages of articles per decade categorized by the institutional affiliation of the senior author (USDA-ARS, university or state agricultural experiment station, or international) are shown in Figure 9. (In a few cases, authors included as "international" actually were associated with domestic agribusinesses rather than foreign institutions). Unfortunately, information on cooperative research among agencies within the United States or between countries, a common occurrence in animal breeding research, was not captured by this method of categorization.
Federal and state scientists were senior authors of approximately equal percentages of manuscripts in the 1940s, but in all remaining decades, state contributions were substantially greater. Interestingly, the percentage of manuscripts from USDA-ARS authors was relatively stable from the 1950s through the 2000s, whereas percentages of state contributions were stable from the 1950s through the 1980s and then declined substantially until the present. A possible reason is loss of university personnel, research projects, and graduate programs during the last 2 decades.
The percentage of contributions from international senior authors has increased across decades and, after the 1970s, at an increasing rate. Contributions from Canadian authors accounted for 68% of international contributions in the 1980s, 29% in the 1990s, and 9% in the 2000s. Western European authors accounted for 47 and 61%, whereas senior authors from Australia or New Zealand contributed 12 and 9% of the international papers in the 1990s and 2000s, respectively. East 
Where?
Papers from US authors and institutions were categorized according to the ASAS section (NE, MW, S, or W) in which the research was conducted, or for cooperative efforts, the regional affiliation of the senior author. Nearly all of these papers were by USDA-ARS, university, or agricultural experiment station scientists, but a few authors had commercial affiliations. Of the 2,532 papers so categorized, 45% were credited to MW, 27% to S, 19% to W, and 9% to NE section scientists. Percentages of total US-authored manuscripts originating per region and decade are shown in Figure 10 .
Factors contributing to the consistent and substantial contribution from the MW section include importance of animal agriculture to the region, historically strong universities and animal breeding programs, excellent animal resources and research facilities of several stations, and capability of the scientists themselves. Particularly after the founding of Roman L. Hruska US Meat Animal Research Center in the late 1960s, USDA-ARS contributed substantially to research output from the region.
The percentage of animal breeding manuscripts originating from the S section increased through the 1960s and remained relatively stable thereafter. The USDA-ARS had animal breeding research projects in Florida and Louisiana, and several land grant universities in the region had committed scientists, active graduate programs, long-term breeding experiments, and substantial land, facility, and animal resources. In later decades, Georgia scientists produced numerous papers on procedures for and results from national meat animal evaluations.
The substantial percentage contribution by the W section to animal breeding publications in the 1940s was not sustainable; percentages in subsequent decades ranged between 14 and 21%. Throughout the history of JAS, beef cattle breeding research was contributed by USDA-ARS scientists at the US Range Research Station in Montana and sheep breeding research by the US Sheep Research Station in Idaho. Several state universities had active animal breeding research and graduate programs but not as large a proportion of universities as in the MW and S sections. Over time, some research herds were eliminated, and some vacancies in animal breeding were unfilled or reassigned to other disciplines. Animal agriculture is economically important to the region, but tax bases to fund animal science research are limited in some cases.
Percentage of US-authored contributions from the NE region peaked at 40% in the 1950s, partly because of swine breeding research reports from USDA-ARS Beltsville. The percentage contribution of the region has varied from 1 to 13% in all remaining decades. Less NE percentage contributions than other regions may partly be because meat animal agriculture does not have a dominant economic effect in the region. Also, there are a smaller number of agricultural universities and experiment stations in the NE than in other regions, and many do not have facilities or populations for experiments on selection or mating systems in 
CONCLUSIONS
We have been productive. A massive amount of information was generated and communicated during the century in which animal breeding and scientific communication by our society have co-evolved.
We have been innovative. Many significant advances in animal breeding and genetics were first published in JAS, as have new methods of analysis, new statistical procedures, new computing strategies, new modeling applications, new physiological insights, and new breeding tools. Unfortunately, we have also been repetitive. We are guilty of duplication of effort beyond that which was needed to confirm and refine original discoveries.
We have been cooperative. Our research commonly has benefited from the insights and talents of colleagues from other disciplines: nutrition, physiology, behavior, animal health, meat science, and economics, for example. Cooperation within our discipline was fostered by USDA-organized regional research projects. There has been substantial federal-state, domestic-international, and public-private cooperation as well.
We have had a strong global perspective. The Journal of Animal Science has welcomed international research contributions while continuing to recognize the unique characteristics and needs of domestic animal agriculture.
We had a good century. It will be interesting to see what contemporary and future animal breeders and geneticists present for the encore. ASAS. 2008 
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